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Abstract 
This work illustrates the testing of a photovoltaic module (ISOFOTON I-100/24) under real operating conditions. The location of 
the test is in Adrar region in south Algeria. The module was exposed outdoor under cloudless sky during light (from sunrise until 
noon time). The tests were carried out under different solar radiation, cell temperature and air mass conditions, where different  
I- V characteristics were taken, for efficiency determination as a function of irradiance, cell temperature and air mass. Applying a 
semi-empirical efficiency model developed by W. Durisch [1] for determine the impact of every climatic parameters (the global 
irradiance in to inclined module plane, cell temperature and air mass) on the efficiency of PV module. Very interesting scientific 
results where the module offers an acceptable efficiency behaviour over the irradiance range; more sensitivity to temperature. 
The STC efficiency was found to be 8.96% corresponding to an STC module output power of 65.6W. An efficiency maximum of 
9.093% was found at 800w/m2. The efficiency linearly decreases with temperature and air mass. 
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1. Introduction 
The performance of photovoltaic modules is usually specified under standard test conditions, but the performance 
of the modules under real conditions differs from the expectations derived from the results under standard test 
conditions due to variety of continuously changing conditions. 
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 The output power generated from a solar PV system highly depends on the amount of the solar radiation 
absorbed by the solar cells on a PV module. Due to variations of the sun’s position each day and the apparent motion 
of the sun throughout the year, the total irradiance received at a particular site is different from time to time. In 
addition to the inherent factor due to the sun’s position/motion, other known factors affecting performance include 
ambient temperature, cell temperature, and local climate conditions. For these reasons it is Important to study the 
behavior of the PV modules under real conditions.  
This work covers outdoor testing of an ISOFOTON I-100/24 module, under varying climatic conditions, as well 
as to predict the efficiency under all relevant operating conditions. 
 
Nomenclature 
A cell area 









mpp maximum power point 
0 standard test conditions 
2. Outdoor characterization 
The PV module tested in this work is an ISOFOTON I-100/24. It contains seventy-two single-crystalline silicon 
cells, with area 100 by 100mm. the manufacturer’s specifications are show in table 1. For investigating the impact of 
irradiance, cell temperature and relative air mass on the module efficiency, the module was fixed outdoor under 
cloudless sky from sunrise until noon time. The electrical data of module was acquired with a 
current/voltage/maximum power measuring by curve tracer I-V MP-160 (EKO instruments); the global irradiance in 
to inclined module plane and the module temperature are measured and acquired by data acquisition Hydra series II 
(FLUKE). About 70 I/V scans were acquired. The relative air masses at the time of each I/V test are calculated from 
the date and time of the day and of the geographical coordinates of the selected site for the test. 
Table 1.Electrical Characteristic of ISOFOTON I-100/24 PV module 
at standard test condition. 
Maximum power 100 W 
Short-circuit current 3.27 A 
Open-circuit voltage 43.2 V 
Current, max power 2.87 A 
Voltage, max power 34.8 V 
Efficiency 11.67% 
 
3. The efficiency model 
The cell efficiencyK௠ is determined from electrical data measured at maximum power point, irradiance and cell 
area. 
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ߟ௠ = ௉೘೛೛ீ೔ ஺                                                                         (1) 
The efficiency model developed by W. Durisch [1] takes account three independent variables: module temperature, 
air mass and solar irradiance,  ߟ = ݂(ܩ௡,ߠ,ܣܯ). the following equation shows the semi-empirical efficiency 
model proposed by W. Durisch [1]: 
ߟ௠௢ௗ = ݌ ቂݍ ீ೔ீబ + (
ீ೔
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ቃ                                                    (2) 
 
Where 
ܩ଴ = 1000ܹ ݉ଶΤ ,    ߠ଴ = 25௢ܥ,  ܣܯ଴ = 1.5; 
One this parameters (݌, ݍ,݉, ݎ, ݏ) is determined the model allows calculation of the efficiency under all relevant 
operating conditions, also allows studying the Impact of one single climatic parameter whereas the other parameters 
are held at constant values. 
Using the ߟ௠,ܩ௜ ,ߠ,ܣܯ  sets evaluated from all the I/V tests performed under varying climatic condition, the 
parameters ݌, ݍ,݉, ݎ, ݏ  of the model are determined by applying a non-linear least squares fitting methods. The 
numerical values found are: 
݌ = 0.2353435, ݍ = െ0.546272,݉ = 0.4855616, ݎ = െ0.08368799, ݏ = െ0.07692572; 
To study the individual influences of module temperature ߠ, irradiance ܩ௜  and air mass ܣܯ on the efficiency ߟ, 
must by transforming the measured efficiencies to standard climatic values in order to reveal the model into two 
dimensional manners. The general transformation equations were explained in [2]. The following equations shows 
the relations between the measured efficiencies ߟ௠ and the transformed efficiency measurements ߟ௠,௫௢,௬଴. 
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From the model (1) the efficiency at ܩ௜ = ܩ଴,ܣܯ = ܣܯ଴ but varying module temperature ߠ is found 
ߟ௠௢ௗ,ଵ଴଴଴,ଵ.ହ = ݌[ݍ + 1] ቂ1 + ݎ ఏఏబ + ݏቃ                                                  (6) 
Similarly for the efficiency at ߠ = ߠ଴,ܣܯ = ܣܯ଴  but varying  ܩ௜   and at ܩ௜ = ܩ଴,ߠ = ߠ଴ but varying  ܣܯ. 





ቃ [1 + ݎ + ݏ]                                                  (7) 
ߟ௠௢ௗ,ଵ଴଴଴,ଶହ = ݌[ݍ + 1] ቂ1 + ݎ + ݏ ஺ெ஺ெబቃ                                                  (8) 
4. Results 
We observe in figure 1 a curve represented by circles in a line form represents the values of modeled efficiency 
output according to the measured efficiency output. We notice that the polynomial interpolation of order 1 (a line) is 
a better approximation for these data; its equation is in form  ߟ௠௢ௗ = 0.9986ߟ௠ + 0.0003this line slopes is almost 
equal to 1 (0.9986) and the coefficient 0.0003 very near to zero thus we can neglect it, and consequently we can 
make the following approximationߟ௠௢ௗ = ߟ௠. Starting from the preceding analysis we can consider that the values 
obtained by the model are very close to the values of the measured efficiency output and by consequence the model 
is valid. 
From figure 2 we deduce that at the temperature of 25 °C and the air mass of 1.5 the efficiency output increases  
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with the solar irradiation increase up to a value of 9.093% was found at 800w/m2, and then it slightly decreases of 
the solar irradiation increase. We notice that when the solar radiation reaches the value of 1000W/m2 the efficiency 
output does not exceed 9% on the other hand the value given by the manufacturer under the same conditions is of 
11.67%, we explain this anomaly by the module degradation. 
Figure 3 indicates to us the behavior of the efficiency output of PV module ISOFOTON I-100/24 according to 
the temperature for a solar radiation of 1000W/m2 and an air mass of 1.5. We observe that the efficiency output 
decreases in a considerable way when this module temperature increases; therefore the efficiency output variation is 
conversely proportional with the variation in the temperature. 
The dependence of the efficiency for varying air mass at fixed irradiance at 1000W/w2and module temperature at 
25°c is shown in figure 4. The efficiency exhibits a significantly linear decreasing with the increased air mass. 




Fig. 1.Model efficiency vs. measured efficiency. 
Fig. 2.Efficiency vs. irradiance at constant temperature 25°C and air mass 1.5. 












Fig. 3.Efficiency vs. temperature at constant irradiance 1000 W/m2and air mass 1.5. 
Fig. 4.Efficiency vs. air mass at constant irradiance 1000 W/m2and temperature 25°C. 
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5. Conclusion 
Based on extensive outdoor testing a semi-empirical efficiency model for ISOFOTON I-100/24 module was 
developed to calculate the efficiency under all relevant operating conditions. Mathematical transformations were 
applied to study the individual influences of the cell temperature, irradiance and air mass on the efficiency. From 
this it is concluded that:     
- The module offers an acceptable efficiency behavior over the irradiance range. 
- The module tested exhibit a more favorabale temprature sensitivity. 
- The modelling and evaluation IV scans taken under real operating condtions from ISOFOTON I-100/24 
module produced an STC efficiency of 8.96% corresponding to an STC module output power of 65.6W. 
- At cell temprature of 25°c and air mass 1.5 there is a maximum efficiency value of 9.093% at an 
irradiance of about 800w/m2. 
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